Abstract. Self-adaptive numerical methods provide a powerful and automatic approach in scientific computing. In particular, Adaptive Mesh Refinement (AMR) algorithms have been widely used in computational science and engineering and have become a necessary tool in computer simulations of complex natural and engineering problems. The key ingredient for success of self-adaptive numerical methods is a posteriori error estimates that are able to accurately locate sources of global and local error in the current approximation. The workshop creates a forum for junior and senior researchers in numerical analysis and computational science and engineering to discuss recent advances, initiates future research projects, and establishes new collaborations on convergence theory of adaptive numerical methods and on the construction and analysis of efficient, reliable, and robust a posteriori error estimators for computationally challenging problems.
Introduction by the Organisers
The workshop was organized by Randolph E. Bank (UCSD, La Jolla), Zhiqiang Cai (Purdue, West Lafayette) and Rüdiger Verfürth (RUB, Bochum). Fifty scientists from around the world attended the workshop, held 4-10 September, 2016.
Computer simulations of complex physical, biological, and human-engineered systems exhibit a grand challenge in computational mathematics. Computational difficulties for those systems include, but are not limited to, interface singularities, discontinuities (in the form of shock-like fronts, and of interior and boundary layers), oscillations of various scales (multiscale phenomena), and high nonlinearity.
(Problems exhibiting these phenomena are referred to as computationally challenging in this proposal.) Moreover, unlike simple systems, for complex systems, there may be limited or nonexistent a priori knowledge of locations and properties of these phenomena that might be used for designing efficient and effective numerical algorithms.
Self-adaptive numerical methods provide a powerful and automatic approach to scientific computing. In particular, Adaptive Mesh Refinement (AMR) algorithms have been widely used in computational science and engineering and have become a necessary tool in computer simulations of complex natural and engineering problems. As identified by the US National Research Council, AMR is one of two necessary tools for computationally grand challenge problems. The key ingredient for success of AMR algorithms is a posteriori error estimates that are able to accurately locate sources of global and local error in the current approximation.
Another challenge in computer simulations of complex systems is reliability of computer predictions. Mathematically speaking, this means robust and accurate estimates of the error in the computed numerical solution of the underlying problem. A priori error estimates, as provided, e.g., by the standard error analysis for finite element, finite volume, or finite difference methods, are often insufficient since they only yield information on the asymptotic error behavior. Moreover, stability and regularity estimates needed for a priori error estimates typically are not available for complex systems.
These considerations (error control, efficiency in AMR algorithms, etc.) demonstrate the need for an error estimator that can a posteriori be extracted from the computed numerical solution and the given data of the underlying problem. Such an a posteriori error estimate ideally should provide an underlying rigorous mathematical theory for estimating and quantifying discretization error in terms of the error's magnitude and its spacial distribution.
Presentations covered a wide range of topics, among them 
